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During  tha  suonar  of  1953  th«  Altituda  Gbsexvatozy  providod  half* 
tlM  ttipanda  to  two  atudonta  raoooaanded  by  their  hoow  Inatltutione  to 
work  on  reeeareh  projoote  under  the  eubjeot  contract*  kr*  hayBOod  Qrenchiky 
a graduate  etudent  from  the  Uniwerelty  of  Indiana  aiKi  kr.  Donald  Liebenbo3rg» 
an  undergraduate  etudent  iron  ttie  University  .deoonainf  participated  in 
the  Obeervatory  program  of  research  from  the  end  of  June  through  the  end  of 
August*  The  results  of  their  work  circulated  within  the  Observatozy  in  the 
fom  of  research  memoranda  and  are  reproduced  here  to  fora  this  teoiuxioal 
report*  The  work  was  supervised  by  Drs*  Donald  £•  Billings  and  \<alter  Orr 
Roberts^  who  appear  as  co*^thors  of  the  reports  along  with  i.r.  Liebahberg 
and  Lr.  Qrenchik* 

The  work  of  Llebenberg  was  a direct  outgrowth  of  previous  work  by 
Billings  > Cook  and  Roberts  on  the  foraation  of  the  solar  eolssion  line 
corona.  The  conclusions  of  the  previous  efforts  to  work  on  a diffusion^  or 
expanding  gas  model  of  the  corona  and  to  coopute  expansion  rates  for  the 
cor(»ut  are  brou^t  together  in  this  report.  In  preparati<m  for  the  summer 
work  BUI  Inga  and  Liebenberg  developed  a new  index  of  coronal  activity  that 
not  only  pl^ed  an  important  role  in  the  evaluation  of  the  evolution  of  the 
coronal  regions  but  also  nay  have  later  applioations  in  solaz^terrestrial 
research. 

The  research  carried  out  by  Grenchik  is  related  to  the  emission  line 
coronal  work  in  a loss  dizwot  way  and  represents  an  effort  on  ttie  part  of 
Hl^  Altitude  Ubservatoiy  to  develop  a selfo-consistent  hypothesis  ejqplaining 
the  distribution  and  fora  both  of  araisslon  line  corona  and  of  the  white- 
li^t  coronal  streamers  seen  at  eclipse.  The  work  on  the  wiiite-ll^t 
coronal  streamsrs  is  still  in  very  qualitative  and  tentative  state,  but  is 
reported  here  in  order  to  present  a statonent  of  our  pzesent  thinking  on 
the  Question. 
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tv 

Domlrt  H»  BilUngs#  utltmt  On  Bbbarts 
fHn^  Altitude  Qbaerfatoiy 

end  Donald  H*  Idebeaberg 
Unlveraltgr  of  Wisoaoaln* 


In  a preliuLnoxy  draft  of  a prepared  paper  sob»  months  ago>  Wf.  0. 
Roberts  ^ suggested  a of  the  eoission^llDe  corona^  withy  as  a basic 

concept,  gas  <»yp«nrting  or  diffusing  outward  witli  a velocity  of  about  one 
lo^/second  from  centers  of  sunBpotrpromineneo  and  flare  activity,  oanying 
with  it  the  atoms  that  emit  the  coronal  spectrum  lines.  This  concept  is 
very  different  from  tho  temperature  model  suggested  by  V/aldmaier,^  Alfven,-^ 
KLepenheuar,^  VodUfly  and  Allen,?  and  V/oolley  and  Gascoigne,^  in'  which 
the  coronal  regions,  i.e«,  the  regions  of  high  intensity  line  emlselon 
near  actlva  oentere  (called  "O^reglone'*  by  l^aldtoeier  ■ } differ  from  the 
leet  of  the  corona  in  that  they  are  of  a different  tenq;>8rature.  iie 
should  note,  however,  a certain  resanblanoe  of  the  expanding  model  to 
the  suggestion  of  t/oUey  and  Qaaeoigne  ° that  radloactivs  atoms  of  almost 
every  from  the  solar  interior  may  penetrate  the  chromosphere  and 
heat  the  corona.  Ihe  expanding  gaa  modi^  agreee  in  some  detail  with  one 
fonoulated  very  recently  by  the  Australians,  Piddington  and  Davies  c on 
the  basis  of  solar  radio  noise  observations. 

In  a later  nsmorandum,^  Billings  presented  the  results  of  a stuchr 
of  the  variation  wltli  sueoesslve  limb  passages  of  the  red>line  and  greenr 
Una  emission  iVom  a nunber  of  coxxuial  regions.  He  estimated  the  esiission 
by  measuring  the  hi(^-intensity  and  low-intensity  areas  of  our  “Weekly 
Charts  of  Bolar  Aothrlty,"  and  applying  an  arbitrarily  defined  index. 

Tbs  Btudy  indicated  two  characteristics  of  coronal  regions;  (1)  a close 
oorrespondenoe  between  coronal  amieslon  and  flare  activity;  (2)  a clear- 
out  tendency  for  the  ratio  of  red  to  green  line  emission  to  decline  during 
the  whole  history  (including  the  rise  and  decline)  of  a coronal  region. 


1 Preliminary  Draft  of  Paper,  “Formation  of  the  Solar  Eodesion  Line 

Corona",  20  January  1^53* 

2 ISxperimatia  ^ 12,  1^1^. 

3 CoflBdeal  Electrodsiianics,  Cambridge  University  Press. 

U u.n.  $15» 

5 LMI.  292,  19U8. 

6 U.N.  U3«  19U6. 

7 Ap.  J.  101,  117,  19U5« 

6 Nature  UL*  692*  1953* 

9 High  Altitude  Observatory  Solar  iteeeardi  Namorandum,  “Evolution  of 
Bed  and  Qreen  Lins  emitting  Coronal  Rsgloi»,“  28  Nay  1953* 


Ik  fttlt  lliat  tteM  rtsulta  avt  of  aiafflolont  intonat  to  ;)UBtlfy  our 
oMTliig  tlM  iarosti^Uao  furtfaar*  first#  «s  souglit  to  sotsbllab  an 
<tni^  vltii  a ***«**«*^*  ^ sotinutlnc  total  sslaslon 

la  a givsn  Una  In  tba  ooronal  xaglana  that  ooiild  ba  darivad  froa  tha 
ioaotra  talran  at  ooa  hai^t  firaa  tba  solar  Uil>  In  tba  rasuilsr  dally 
pbotograjpbie  survsgr  oada  at  CUnix  and  Saoraaanto  Psak. 

Via  daflnad  suob  an  Indax  aftar  Obtaining  apaoial  spaotra  from  CUmax 
takan  at  dlffarant  hoists  above  tha  solar  llii>  over  ooronal  regions* 

From  snob  spaotra#  on  suooasslTa  days  of  llob  paasaga  of  tiro  coronal 
regions#  aa  wars  able  to  build  up  a three  dlmonslon^  model  of  the  density 
distribution  of  amlttlng  atoms  saving  lha  total  nunber  (a  quantity  pro- 
portional to  It)  of  emitting  atoms  In  eaoh  vartloal  column  of  the  region 
aa  a fbnotlxm  of  tha  intensity  obsazved  at  Iba  base  of  each  region  and 
tba  distance  (longltuda  and  latitude)  of  that  xagion  from  the  center  of 
tha  ooronal  region. 

Our  routine  readings  of  coronal  plates  are  mads  at  $P  latitude  intex^ 
vmls#  each  day.  Hence#  during  the  several  days  required  for  a coronal 
region  to  pass  over  the  limb  we  acquire  a two-dimensional  array  of  intensity 
readings  near  the  base  of  the  corona*  For  the  study  discussed  here#  we 
oonvex^^  these  readings  Into  a measure  of  tha  total  mmber  of  emitting 
atoms  £rm  the  whole  ooronal  region  by  multiplying  each  reading  by  the 
appropriate  factors  detsnnined  from  the  three-^Umenslonal  model  studies# 
than  stsxiing  for  the  entire  lljdb  passage* 

We  realise  that  the  ooronal  Index  thus  defined  is  based  on  much  too 
limited  evldenee*  In  order  to  build  a reliable  three-dlmenaional  modal 
of  esdi  ooronal  region  we  need#  at  the  least#  spectra  taken  at  several 
heists  for  each  three  successive  days  wbn  the  region  is  on  tha  limb. 
Since  we  started  this  Investlgatlan  the  soaroity  of  strong  coronal  regions 
and  rather  Intennlttent  observing  conditionB  have  limited  the  data  for 
building  simb  modela*  Since  the  monochromatic  {dictographs  of  lyot  show 
much  variation  in  the  fona  of  the  emiaaion  corona#  we  medee  a questionable 
assisqption  when  we  consider  two  regions  to  be  typical  of  all  regions* 
Ftortunstely#  the  results  which  we  obtain  are  not  too  highly  ssnaitive  to 
the  index  used* 

lbs  indax  which  we  used  tends  to  enphaslze  the  higher  readings  over 
the  lower#  and  those  near  the  center  of  the  coronal  region  as  oonpared 
to  those  on  the  outside*  It  gives  results  whidi  are  not  greatly  different 
either  fkom  those  given  in  tha  earlier  msmoiendum#  or  from  those  obtained 
by  a slaqiler  and  quicker  method  we  also  have  usedi  merely  eunning  the 
h^est  intensity  readings  each  day  for  the  lisb  passags*  lha  bistoxy  of 
« ooronal  region  is  not  so  sensitive  to  the  index  chosen  as  to  variations 
in  obasrving  oonditioiis*  Henos#  although  we  feel  that  farther  investlga- 
iion  of  the  is  desirable#  we  do  not  think  that  modifioationa  of  it 
on  the  basis  of  subseqMsnt  investigations  can  change  by  any  large  extent 
the  results  we  have  obtained* 

LUbenberg  cosgmted  the  indax  diseussed  above  for  eaoh  11M>  passage 
of  seven  ooronal  regions#  and  the  short  ostbod  index  for  eight  regiims* 
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9mm  nftMD  ooapriMd  all  raf^iona  An»  Jjimaty  1»  1951  to  tha  pMoant* 
for  irtiloh  aa  had  alao  rather  ooaplata  data  and  atildi  ware  aufflelBiiUy 
rMoaad  from  olhar  raffloiM  that  aa  ooold  iiriMhl  gooualy  idantliy  tha 
oorooBl  Mdaalon  In  aaoh  with  a given  active  aonapot  oantar*  Via  than 
plotted  ooronal  indnc  agalnat  thas  for  aaoh  of  thaaa  raglona*  A atudjr  of 
thoM  {Aota  revealed  tha  foUovlng  eharaetarlatloa* 

(1)  9m  variation  of  the  rad  Index  Is  more  erratic  than  that 
of  the  green  Index* 

(2)  The  green  index  foUowa  flare  aetivitgr  mozw  clearly  than 
the  red*  but  on  acme  ocoaal<ma  the  red  Index  a^peara  to 
respond  to  an  oubburat  of  flare  activity  with  more 
aensitlvlty  than  the  green  index  does* 

(3)  Red  and  green  index  maxima  do  not  always  eoinoida«  but  do 
eolnoide  with  a much  higher  frequency  than  we  would  eiqMOt 
as  a result  of  chanoe.  (See  Fig*  1*} 
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(li)  SOM  rogions  bad  « loog  Md  ooivlaK  hlatoigr  iliioh«  in 
oortaln  oaawi*  oould  ba  brokon  into  tao  or  nora  olaaz^ 
out  avanta  — aadi  oonaiatlng  oif  a riaa  and  adftaaqvant 
daOlina  of  ooronal  aotivitBr. 

f 

Ub  aava  abXa  to  diatlnguioh  ai^^taan  aodi  olaar-out  avanta  in  tha 
hiatorlaa  idiioh  va  atudlad.  Ua  than  ooqputad  tha  Xogasrlttan  of  tha  ratio  of 
rad  indoK  to  graan  indaac  at  aaoh  liai>  paasaga  for  aaoh  evanty  and  plottad 
thia  ratio  aa  a fonetion  of  ttao.  An  analyaia  of  tha  laaulting  plota 
aboaad  tha  to  fall  Into  Ifaa  foUoalng  olaaaaat 

No.  of  avats  Trend  Rod  to  Gkaan  atio 

2 Upaard 

6 Doanrard 

3 Going  through  a 

3 Going  throu^  a «««< 

U RanHnm 

Thaa  raauLta  era  leaa  eonfualng  if  a add  to  tha  tha  obaervatlona 
that  all  aix  avanta  in  olaaa  2 rafarrad  to  truly  na  raglone  — i.a*» 
regions  ooouxring  on  portions  of  the  sun  which  proviously  had  been  free  of 
apota  — > and  that  there  ware  only  three  other  new  regions  and  they  all  fell 
in  olaaa  U*  In  other  wards*  all  building  ysp  oIHSoronel  activity  fron  an 
inaotlva  aun  that  we  studLad  was  acconpanied  by  a drop  in  red  to  green 
ratio*  In  aoat  of  tha  oaeea  this  drop  continued  even  daring  the  aubaaquent 
decline  of  ooronal  activity*  although  in  80<&e  oasos  the  ratio  rose  again 
toward  the  end  of  the  event* 

Ti{ie  feel  that  the  teoq>erature  modal  of  a ooronal  region  is  inadequate 
to  axilain  the  unidlreotional  changes  in  red  to  green  ratio  during  a rise 
and  fell  in  coronal  activity.  The  folloNing  argunent  expXalna  why*  Let 
us  consider  the  schsmatlo  dlagraD  Fig.  2*  This  i^owa*  in  a gensivLi  way* 


taov  «•  wS^%  «qp«ot  tbt  population  of  tho  Vt  X ions  (irtxLdi  onit  tlui  zM 
oorooil  Hm)  and  tta*  gruon  Ft  XI7  Ions  (sbldi  salt  ths  grosn  coronal  line) 
to  msr  with  tn^aimtura.  Wo  hawo  also  Ipdlostod  on  the  fisoro  how  the 
ntio  of  red  to  gnm  would  easy  with  teoperature  for  aeoh  of  the  tanpsrar 
toce  ranfoe  Aown*  ifa  see  that  it  is  ispoealble  to  oarxy  oat  aqy  auoceasion 
of  tanpawture  ehangaa  wfaloh  will  oauae  a laddlraotional  ohanga  in  rad  and 
greoB  ratio  and  at  tha  aaaa  tima  return  the  teaparatora  to  its  original 
value. 

Frcn  a eonaideration  of  caaaa  of  unidiraotional  change  of  rad  to  grecoi 
ratio  we  have  foznulated  the  apreading  gas  hTPOt^taaia  in  the  following  form: 

(1)  Tallowy  red  and  green  line  aBdaslon  (VX569U»  637k  and  5303) 
in  a ooranal  re^on  baooaes  pronounced  with  tha  infusion  into 
the  corona  of  gas  of  oonaldeizably  hic^r  densHy  than  that 
of  the  eorona  prior  to  tha  infusion. 

(2)  The  infusion  takes  place  from  the  active  center  during 
periods  of  Hare  aotlvllar. 

(3)  Tha  gas  infused  into  tha  corona  apreada  out  through  the 
oorona  along  nagnetio  lines  of  foroa  at  a sufficient  rate 
to  replace  the  entire  oorona  in  aqy  region  in  about  one  to 
tso  weeks. 

(U)  As  the  gae  spreads  out  its  teoperature  rieee  slowly. 

(5)  The  resulting  teoperature  and  dansltgr  conditlans  are  such 
that  yelloir  line  eniBaion  pereiete  for  a few  hoursy  red  line 
emissian  for  a few  dsysy  green  line  emission  for  a week 

or  two. 

(6)  The  coronal  region  disappears  when  the  gas  has  diffused  to 
a low  density.  Tia  oorcaa.  then  beoomee  too  faint  for  us 
to  observe  ^ douigs  of  ratio  of  red  to  green  intensities 
during  the  return  of  the  teaperature  to  nmnoal. 

This  lypotheslsy  though  admittedly  crude  and  qualltativey  eoqplaine  the 
unldireeticinsl  change  in  the  red  to  the  green  ratio,  ^ox'tly  after  the  gas 
is  infused  Into  the  coronal  region  ws  see  bright  filaments  of  rod  emission. 

Ths  brii^atoesB  Indloates  that  the  density  is  high.  From  Fig.  3»  the  inr- 
orsase  In  dwosity  prior  to  the  inoreaae  in  teaperature  causae  ths  red  line 
emiBSlon  to  beooaw  intense  and  we  reoogolse  a coronal  ragim.  The  tenperar 
ture  rises  elowly  during  the  spread  of  the  gaay  howevery  and  the  green 
Una  emleeiQa  beoGwee  dominant.  As  the  aotlvlty  from  tha  center  eUbsides 
the  oontimed  qpreadlng  of  the  gae  lowers  the  density  until  the  region  is  no 
Icoger  reoogwiaeble.  fib  do  not  here  poatulats  what  the  meohaniam  for  heating 
the  oorona  mqr  be.  Perhaps  it  is  from  maipwtcdydrodirnaBio  wacvesy  perhaps  meob- 
snioal  waerfgr  ia  ultimately  oonverted  into  thenoal  energy.  Oocaelonal  Doppler 
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abiTts  in  the  red  line  in  the  vieinltsr  of  active  pzr,jijinenee8  indicate 
that  the  red  line  filaaeDts  can  exhibit  naee-noticm  kinetic  energsr*  thou£^ 
thla  ia  the  exoaptioo^  rather  than  the  rule*  The  detailed  physics  of 
the  aituatloQ  haa  not«  so  far  as  se  are  amuce»  been  e3^plalned»  but  dasenres 
a theoretical  attack* 


10  Bdberta,  Ap. . J*  108,  50«  39U8 
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Origin  of  afaito  Xdi^t  Coronol  Strounro 

Ualtor  Orr  fiobarUf  Doonld  B*  BUlingo 
Altltute  ObMxwtorjr 

and  Baynond  Orandilk 
Onlvaraity  of  Indiana 


tha  abapa  of  tha  solar  corona,  its  ralatlonsliip  to  the  laore  readily 
obaaivad  sunspots,  and  possible  oonnsctlonB  between  the  corona  and  gao~ 
nan^tian  have  oooi^led  the  attentions  of  many  astronomers*  liiVen  before 
tha  and  of  the  last  centxuy  such  people  as  liaiQrard,  Lodgrer,  and  Kansky 
suocassfoUy  related  the  changing  form  of  the  white  corona  seen  at  eclipse 
to  ohanges  of  the  phase  of  the  sunspot  cycle* 

Ludsndorff  in  the  twenties  studied  large  numbers  of  coronal  iso~ 
photos,  and  found  a statistically  signlfloant  relationship  between  solar 
cycle  phase  and  the  elliptlcity  of  the  corona*  Bergstrand  2)  1930 

suggested  that  the  white  light  corana  consisted  of  two  caiy>onent8t  (1)  a 
polar  oorana  that  dropped  off  rapidly,  and  (2)  an  equator!^  halo  that 
was  asm  at  large  radius  projected  above.^vpole,  and  that  dropped  slowly* 
However,  It  was  van  de  Hulat  and  Allen,  building  on  the  work  of 
Qrotrian  and  many  others,  idio  ejqjlained  the  con^jonents  of  the  white  llf^t 
corona  in  a way  that  seaas  entirely  satisfactory  and  makes  clear  the 
separation  into  a truly  solar  "electron  corona"  and  a "diffraction  corona" 
flCOT  Intaxplanetazy  particles* 

Iha  shape  variations  of  ttiis  electron  corona  still  present  major 
problaaB,  some  of  which  wo  have  , attacked  in  our  present  work  with  the 
support  of  the  Office  of  Ihtval  Reeearch.  Some  of  the  ideas  in  this  study 
are  several  years  old,  in  thsir  most  qualitative  form;  others  stem 
spedfloally  froa  the  summer  program  of  work  of  the  Hi^  Altitude 
Observatory*  The  specific  prdblem  we  tackled  was  the  shape  of  the  coronal 
xays*  Bflberts  had  developed  some  preliminary  ideas  to  e:q;lain  the  pro- 
nounoed  inflections  so  often  found  in  the  streamers  and  rays*  iie  sought 
at  the  outset  simply  to  test  these* 

The  first  figure  sunmarises  and  also  somewhat  idealizes,  the  principal 
observed  abarecteristics  of  the  white  li£ht  corona  seen  at  eclipse*  A 
substantial  luaber  of  observed  facts  are  of  interest,  and  any  satisfactory 


whit*  Xlitit  ooroml  theoqr  oast  «xp3jdn  Ihant 


FLgore  1 

(a)  Hm  broadness  of  the  equatorial  streams  irtien  the  sun  at  eclipse 
has  a large  spot>fTee  xegitxi  near  the  liaft>* 

(b)  The  polar  plumes,  so  often  used  as  evidence  of  a general  solar 
magnetic  field.  Van  de  Uulst  has  shosn  that  thegr  fit  reasonably 
wAl  a dipole  of  length  about  2/3  of  a solar  diameter,  lined  up 
with  the  rotation  pole* 

(c)  Parallelism  of  the  high  latitude  boundaries  of  the  streamers 
and  rays  with  the  polar  plumes. 

(d)  The  inflections  in  the  streamer  and  ray  boundaries. 

(e)  !lhe  more  oos^>leK  hif^spot-aotivity  forms,  with  numerous  narrow 
and  broad  rays,  as  shown. 

(f)  Equatorial  plvnss  at  active  sunspot  regions,  vezy  similar  in 
appearance  to  trajectories  of  sunspot  prominences*  Boundaries 
of  the  rays  and  streaners  are  parallel  to  these  plusies  where 
thay  Join. 

(g)  The  arches  under  the  rays*  Quiescent  proadnenoes  are  usually 
found  there* 


EnorBOus  progress  toeards  a self-oonaLstent  picture  of  the  ralationshlpe 


-a- 


tmoog  Hai&m  ohuno'Uristioa  ku  aa<k  in  hy  0,  to'.  iapartut 

eooteibutlqni  also  ty  K.  0.  Klapsnhaimir.”^  Allan  propoetd  that  tha 
axtanalon  of  tha  vhlta  llfiht  coronal  atroanara  oauaa  tha  important  gao- 
aagiatio  iind  auroral  aotirltgr  that  raoura  with  Zf^day  parlo^oitgr  naar  tha 
■dniaw  yhaaa  of  tha  spot  Uhls  is  tha  tarraatclal  aotlrllar  for 

whioh  Bartala  7)in  19^  poatuilatad  tha  aadatanoa  of  solar  ''Ihragionay'' 
baaad  on  lha  fact  that  tha  atoms  raourrad  with  tha  solar  rotation  period. 

A}.lan  ^ also  showed  that  the  atraanars  tend  to  avoid  the  aunqpot 
regiODaf  and  oallad  upon  this  to  explain  the  well-known  cone  of  about  Uu** 
"avoi/lanoa"  between  aunapota  and  gaomagnetie  dlstuzbanoe  of  U-regLon 

Our  first  effort  was  directed  towards  explaining  this  *'oone  of 
avoidance"*  and  tha  other  features  of  the  formation  of  ooronal  atreanara 
in  a simple  atatle  modal  of  the  corona*  as  follows:  toe  sought  to  Idaotlfy 
the  shape  of  the  ooronal  streamers  with  the  shape  of  the  net  magnetic 
fields  resulting  from  interaction  of  fields  of  sunspot  groves  or  of  spots 
sod  the  solar  dt^pole  — noting  that  the  field  strength  of  both  could  be  so 
low  as  to  be  undetected  by  Zeeman  effect. 

toe  aseuned  that  neutral  ion  clouds  (electrons  and  protons)  would  move 
along  the  field*  and  be  funnelled  into  regions  of  space  defined  by  the 
net  field. 

toe  pictured  the  net  spot  magnetic  field  at  some  distance  up  in  the 
adar  atmosphere  as  like  ttot  of  isolated  single  pole,  toe  assumed  an 
exmss  of  flux  of  one  pole  to  emanate  flrom  the  spot  group*  giving  a 
SQaametrical  field  about  the  spot*  of  sppreclable  nagnltude  to  a lar^ 
distance  — say  250*000  kjos  :^>om  the  spot.  Bquatorlal  plumes*  and 
trajectories  of  "coronal  sunspot"  prominences  in  our  conception*  define 
the  field  shape  naar  the  qpot.  This  assumed  unipolar  character*  by  the 
way*  accords  nicely  with  the  recent  findings  by  the  Australians  Psyne-Scott 
and  Little  that  severe  radio  noise  atoms  at  97  mc/sec  originating  in 
ooronal  gns  wall  Above  sunspot  groups  exhibit  polarisations  corresponding 
to  a sin^a  magnetic  polarity  for  each  groip*  generally  to  the  polarity 
of  the  largest  individual  qpot  of  the  groip. 

nm  tracings  of  prominence  trajectories  for  a well-dsflnad  exanple 
of  this  phanoBianan  by  Ihitsushima  we  derived  the  general  shape  of  the 
unipolar  spot  field)  assuming  that  the  trajectories  defined  tto  field. 

We  then  ecrtrapolated  this  fidd*  obtaining  the  appraximate  shape  shown  in 
Figure  2.  We  postulated  as  the  initial  o<mditi<m  for  the  fomatlon  of  a 
narrow  ooronal  strsamer*  the  existence  of  two  slmllsr  poles*  at  bom 
arbitrary  dlstsnoe  alcmg  the  solar  surface*  as  shown.  The  atu^pe  of  the 
net  field  resulting  from  the  addition  of  ttese  fields  in  this  plane  at 
least*  suggested  the  shape  of  the  ooronal  streamers.  Interaction  with  the 


6: 

9 


JflBu:*  OMphyg*  SL>  V52. 
JttE* JiK*  3Z*  1«  1932* 


Aastrslian  Jouraal  of  SolauUfic  assearoh.  SA*  32*  1952. 
ttyuaiusiisid  worn  aiTlgh  Altiiuos  Cbser^Co^  ^>1* 


- - BESULHINT  FIKI2) 


FLgur*  2 


ckAct  dipole  field*  on  the  aasuqption  of  conparable  field  strengths*  ee 
took  as  a cause  of  the  high  latitude  coronal  streamers  and  rays*  The 
horpothsais  nicely  ejqplalned  the  inflection  and  suggested  that  U-reglons 
required  spot  pairs  — and  that  the  ionio  cloud  (protons  and  electrons) 
required  for  the  tairestrial  magutic  effect  could  be  gathered  up  fftn 
the  Dhole  solar  svirface  betneon  the  focussing  spots  i*e**  from  ion 
spicule  and  gramle  jets* 

Three  facts  caused  us  to  abandon  this  hypotbeslst  (1)  it  offered  no 
possibility  of  explaining  the  broad  equatorial  streamers  that  occur  in 
the  kbsanos  of  sunq>ot  activity]  (2)  the  focussing  situation  aeeniad 
fmroFSble  only  in  the  plane  ionludi^  ^e  two  sun^ts  and  the  radius 
veotore  throng  then]  and  (3)  the  detailed  shape  of  the  net  field  resulting 
from  the  Interaotion  of  the  general  magnetio  dipole  and  a spot  field  could 
not  at  any  oeparation  be  made  to  Ht  the  appearance  of  the  latitude 
rays*  Moreover*  it  seemed  unreasonable  to  ignore  the  distorting  effects 
of  the  particle  energieB  on  the  field  itself* 

Our  next  step*  therefore*  was  to  look  at  the  poaaibllities  of 
exslainlng  the  atreamer  shapea  aa  the  result  of  the  foUawing  two  factorst 
(1)  a tendency  for  net  spot-fields  of  opposits  sign  to  oaobins  to  form  an 
"uabroUa”  over  the  intervening  qpaoe]  and  (2)  the  distorting  effect  of 
psrticls  motions  on  tbs  net  flOld*  osusing  it  to  be  oaxrled  outsaids*  In 
this  oonosption*  slso*  the  particles  comprising  the  white  light  corona  are 
ejected  over  the  vrtiole  solar  surfisoe  and  are  swept  into  streamers*  rays* 
or  ploBss*  The  Observed  changes  of  coronal  chapes  and  intensity  distri- 
butions at  different  phases  of  the  solar  activity  cycle  fOUow  sinply  from 
this  lypolhssiB* 


So  Saetp  «•  turn  «Mlnod  ttaU  Idoa  only  in  Mthor  qualitative  faahioni 
but  it  aeane  to  avoid  the  trovhlee  ot  the  static  nodal  at  the  ooet  of 
tlichtly  added  oooplaxily*  Zt  offwn  a raaher  of  attxaotive  poesfi)ilitias» 
aa  fhllaoat 

(a)  It  exidalns  the  genexal  riiape  bo-Ui  of  the  no-smepot  corona  and 
of  the  snnspot  corona  fome^  including  Ihe  Infleotione* 

(b)  It  eaqlalne  the  equatorial  plunea)  and  the  fact  that  active 
r^ons  "repel"  the  oorwnl  etreamc  ie  then  a logical 
ooneequenee  of  the  aeohaidca. 

(o)  It  explains  why  the  loser  latitude  boundazles  of  the  streamers 
are  alsaye  active  regiooe  as  Bugoslavekay ' a detailed  drasinge 
and  intexpretatione  Aoe*  It  euggseta  also  ttiat  the  outbreak  of 
eunspota  at  the  base  of  U-reglon  streamers  should  cause  their 
diaruptiony  aa  e^q^rinental  evidence  Indioatee  to  be  Ihe  case. 

Ihis  ooooeptlon  of  origin  suggeeta  that  the  eoisBion  line  corona  and 
the  bases  of  ehite  light  atreonera  should  be  mutually  exolueive.  Thlsy 
thereforey  explains  the  abatlatlbally  wall-eetabliehed  tendency  of  the  U- 
region  oagnetlc  etonoe  to  occur  ^len  the  briijtitneea  of  the  aDlaeion 
corona  in  great  three  days  east  of  the  central  meridian  for  the  etoxm  datoy 
a fact  repoxj^  by  £>ha;^ey  and  Roberts  in  19U5  sxid  recently  confirmed 
by  Udller*  Hoeevery  It  fails  to  explain  eiy  a similar  active  eentery 
eith  strong  emission  oovoo&,  is  not  found  soBushere  neat  of  central 
meridian  at  the  came  time.  Uore  detailed  obaexvational  effort  sill  be 
reqiuirody  of  a sort  not  nowr  being  done  at  any  coaranagraphio  stationsy  to 
settle  the  iiqportant  question  of  the  longitudes  of  the  vhite  light  coronal 
streamers* 


Ihe  theoxy  sug^ts  that  the  transit^^e  ascribed  to  l^reglon 
partioles  by  Allen^'  and  ly  Klepenhsuer  (ai^roodnately  three  days)  may 
be  sorloualy  in  error*  The  times  could  be  vexy  much  sloser  t^  three 
days*  Longituds  studies  of  the  locations  of  the  etrsamexv  near  the  suny 
and  times  of  ths  U-rsgLon  stones  at  the  earth  shouldy  howevery  give  ue 
seen  idea  of  the  curvaturey  if  anyy  of  the  l(>ragion  coronal  streamers  as 
they  go  far  out  tronx  the  sun* 


Ws  call  attention  to  the  fact  that  since  the  aoleslon  oorcuia  is  related 
to  spot  groqpsy  this  paper  suggeeta  a ralationahip  betseen  the  shite  U^t 
corona  and  emission  corona  In  contradiction  to  that  described  by 
Saldmeier  share  lirreglGne  sere  identified  with  bright  coronal  emlaeion 
reglcHSi*  The  rdaticmshipy  hofsessry  fits  vexy  nicely  the  main  conclusions 
and  hypothsMa  adtanoed  by  Allan* 
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Ihe  present  etate  of  the  problem  auggeets  that  a most  important 
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ttiMMtloal.  tAmOv  ■hould  b«  uodtrtekta  by  ■oato.pt  who  la  qualifiad  to 
Mlw  it*  Ibi  jMrablM  i*  to  pxadlet  iha  atMubf^atate  danaity  dlatrlbvtion 
for  a ODifom  olood  of  olaotrona  and  protona*  ajaotad  iaotropioally#  along 
radlit  tram  tha  adlar  aixfaoa»  on  tba  aaauaptlui  that  tha  aun  haa  a dipola 
fialdf  of  tba  abapa  givan  by  ran  da  Uniat  and  a flald  atiangtb  of  1 gauaa 
at  tha  pda.  If  aolution  of  tiila  pradaa  gava  ahapaa  auggaativa  of  tha 
no-ann^t  oorona>  It  would  ba  atr^  aridanoa  In  aupport  of  tha  hypo- 
thaala  atatod  hara>  and  would  lead  dlraetly  Into  aimilar  ocnaldaration 
for  tha  oaaa  of  the  Interaction  of  tha  polar  field  and  a aunapot  field  of 
the  Vp*  V*  disouaaed.  i«e  therefore  sinoarely  hope  tliat  someone 
will  take  up  the  problem  and  solve  it  using  the  Chapman-Perarro  In)  or 
Alfven^S)  or  some  new  approach. 


lb)  Joum.  Oeophya.  dea.  1$,  29$2» 

15)  CjoamjcaT dectrodynaBdos»  Oxford  Press, 
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